Locating places using maps on mobile devices is an increasingly common practice in modern life. Such 
I found the Starbucks. That's the library. Does it count if I didn't exactly [f ind] Andruss Library, but I got Starbucks?
Focus group participant
Maps on consumer-grade mobile devices increasingly mediate how people see, understand, and navigate geography. The Pew Research Center has estimated that 64% of adults in the United States, and 43% globally, own smartphones (Poushter 2016) . Among US smartphone owners, 90% use their device to get directions, geographic recommendations, or other location information (Anderson 2016) . The popularity of mobile map applications, particularly those with turn-by-turn directions, drives news stories about inattentive travelers being directed hundreds of miles off course, into rivers, or toward a "death-by-GPS" (Milner 2016; Darlington 2015) . Such stories feed a moral panic about mobile map users being "sedated by software," inhibiting their ability to interpret geographic information or to navigate without GPS assistance (Royal Institute of Navigation 2015).
New technologies frequently spark moral panics, but recent research on mobile devices and users' geographic knowledge has found that these systems do have drawbacks when compared to paper maps (Ishikawa et al. 2008) . Several researchers have found that users tend to conceptualize space only in simple terms, primarily as multiple discrete landmarks (Willis et al. 2009; Münzer, et al. 2006) . While these are valuable insights, they lack the contextual considerations that have been highlighted in both cognitive geography and cultural geography debates. Mobile device technologies are neither neutral nor isolated from social influences. Technologies' effects reflect the context of their development, design, and distribution, as well as users' standpoints in practice (Haraway 1991; Feenberg 1999) .
Prompted by unexpected research participant responses in a study on cartographic scale, this article explores one important social dimension of mobile map applications that has not been sufficiently examined in research thus far. Specifically, we investigate whether the economic context of mobile map production by companies such as Google and Apple might influence the kinds of geographic features that users employ to determine if they have accurately located a place on the map. Incorporating existing research on the social, economic processes that surround the design and use of mobile data and maps, we use qualitative methods to explore the accounts of mobile map users, gaining a richer understanding of how they see the world via mobile maps. We examine how points of interest on the map may come to be used as landmark points of reference by users, apparent in how they think about and communicate geography and location.
Previous geoweb and data science research has found that the features appearing on commercial web maps, such as Google Maps, produce geographies of data both on the map and in practice (Kitchin 2014; Shelton, Zook, and Wiig 2015; Willis 2016) . Specifically, these maps are structured around businesses as points of interest. Google, for example, makes money primarily through advertising, so its maps and its algorithms that rank map features are designed to serve that business plan (Zook and Graham 2007a; 2007b; Dalton 2013) . Google even recently began placing ads for businesses directly on its maps and using businesses as landmarks in turn-by-turn directions (Dickey 2018; Inhnat 2018) .
Users see and understand geography partly in terms of the maps they use (Kitchin 1994; Tversky 1993) , and Willis et al. (2009) and Münzer, Zimmer, Schwalm, Baus, and Aslan (2006) make it clear that landmarks are central to users' navigation with mobile devices. In this case, users produce one form of geographic knowledge-landmarks-by seeing cartographic points of interest that are framed and presented to fit the mapmaker's economic imperatives. Thus, this combination of map use and social context may have implications for their understanding of a geography.
As the focus group participant's quote about Starbucks and the library begins to indicate, the underlying social context of mobile map use may affect how users understand the world through mobile technologies. The first half of this article outlines how geographic cognition is contextual and how the production of visual geographic knowledges is socially situated, and from that angle engages the results of existing studies on mobile device use and geographic knowledge production and navigation. The second half employs the results of a study of mobile map users and existing work on the business of web maps to demonstrate the potential role of economic processes in the production of mobile device users' geographic knowledges.
P R O D U C I N G G E O G R A P H I C K N O W L E D G E S
Geographic knowledges and associated material practices have been studied and theorized by many geographers and allied scholars. While this realm includes a wide variety of theories and methods, foundational work in both cognitive geography studies and cultural theory points to the importance of contextual constructions of geographic knowledges in practice, regardless of the underlying neurological structures or networks involved (Montello and Freundschuh 2005) . While most research indicates that device use facilitates impoverished or simplified spatial knowledges, it has rarely incorporated these contextual considerations, particularly economic ones, such as the business imperatives and designs of the phoneand mapmakers.
COGN ITIVE GEOGRAPH I ES AN D MAPS
Cognitive research on geographic knowledges offers a variety of frameworks, ranging from the construction of knowledge through learning, to connected neural networks, to linguistically influenced situated cognition, to evolutionary development. Most spatial cognition frameworks involve both underlying neural structures, with individual variations, and culturally situated learning as we orient ourselves and navigate every day (Montello and Freundschuh 2005) . Regardless of the neurological structures involved, how geographic features are ontologically recognized, categorized, communicated, and used varies between cultures (Montello 2009). Within, or at times, despite, those cultural variations, most cognitive research on geographic knowledges tends to be structured around of three kinds of geographic features: landmarks, routes composed of a series of landmarks in order, and survey or configurational knowledge of interconnected landmarks and routes across scales (Montello and Freundschuh 2005) .
Within the range of cognitive research on geographic knowledges, researchers advance cognitive maps as a framework for conceptualizing landmarks, routes and surveys features in concert. Again, researchers highlight the contextual, constructed nature of cognitive maps, noting how they change and are partly based on subjective knowledge. " [C] ognitive maps are not independent of time and space" (Kitchin 1994, 3 ) "since each environment exists in a time-space context, so too will cognition of those environments" (Moore and Golledge 1976, 11) . Using linguistic constructions, Tversky (1993) illustrates the limitations of cognitive maps and calls for more flexible frameworks that could include recollections of journeys and verbal directions, memories of maps, geographic facts, and even linguistic families. Such frameworks could certainly include memorable corporate branding, and Kitchen (1994) even posits advertising as a potential application for cognitive map research.
Cognitive geography approaches are also used in cartography and GIScience to improve map design. This work focuses on schemata, "mental structures that the map users employ to mediate between what s/he already knows and what s/he sees in a map. In other words, they are the means by which the map users construct information from visual representations like maps" (Griffin 2017, 50) . Better understanding a schema, for example a learned categorization of types of surfaces on which "we walk, lay, and sit," can help inform how map data should be symbolized and included in a map or GIS (Freundschuh and Egenhofer 1997, 363) . Thus, schemata draw on both a map-reader's direct experience as well as culturally shaped, learned conventions, such as water being commonly symbolized with blue (MacEachren 1995). Cognitive geography research indicates that geographic knowledges are at least partly contextual and constructed, particularly in practice and when involving maps and geographic communication technologies.
SOCIAL VISIONS
Using a cultural approach to a similar topic, Haraway (1991) warns of the limitations of disembodied, technologically mediated visual knowledge, for it obfuscates how technologies and associated knowledges are inherently shaped by social circumstances and power relationships. Embodied, situated knowledges constitute a productive alternative approach, open to multiple ways of knowing and thus more possibilities for better understanding the world. For researchers, this means being open to and taking seriously the accounts and technologically inflected standpoints of subjects to better understand their perspectives and what their knowledges make possible. "Situated knowledges require that the object of knowledge be pictured as an actor or agent, not a screen or a ground or a resource. . ." (Haraway 1991, 198) .
In geographic cases, viewing subjects are co-produced with visual geographic knowledges through embodied viewing practices driven and shaped by broad social processes (Cosgrove 1998; Rose 2003; . Today, mobile devices are powerful tools for producing visual geographic subjects and knowledges, for they can travel with a user and act as a resource on-site. For example, Wilson (2011) describes the use of mobile devices as city residents conducted a visual neighborhood assessment survey in Seattle. Through their social context and the structure of a mobile application, users became trained to see some things, such as signs of urban decay, and not others. In this way, the governmental terms of the survey, mediated by the mobile device, facilitated the production of neoliberal viewing subjects and their knowledges (Wilson 2011) .
The emphasis on the production of situated knowledges through practice is also apparent in recent work on maps. Critical cartography articulates how maps are always produced within social contexts, part of powerful cultural projects such as state-building, consolidating private property, or profit-seeking by businesses (Crampton 2010; Schulten 2012; Sutton 2015) . These political contexts inherently involve multiple subject positions and political economies of geographic technologies (Stephens 2013; Alvarez León and Gleason 2017; Thatcher, O'Sullivan, and Mahmoudi 2016; Dalton 2018) . Economic considerations are vital to the development of new technological innovations and use practices. For example, according to mobile technology expert Brian Profitt, geographic data from mobile device use is a "hot commodity," based in large part on the perceived value of targeted advertising (quoted in McBride and Oreskovic 2013) . Choices made about which data are or aren't incorporated into a mapping service for business or functional reasons delimits how that service can best and most easily be used (Haklay 2013) . Moreover, it is through use that a map's purpose and economic value is realized by helping to produce a viewing subject's knowledges and spatial actions. Thus, maps are not just political and culturally situated, but facilitate the recursive production of knowledges through practice (Pickles 2004; Dodge and Kitchin 2007) . In the case of mobile devices, mapping technologies facilitate location-aware services and conspicuous displays of users' geographic behaviors that provide revenue for the company providing the service (Wilson 2012; Pink and Hjorth 2012) . Only a few recent qualitative studies engage the contextual nature of geographic knowledges and navigation or place-finding, highlighting the importance of everyday cartographic practices to underlying social processes (Brown and Laurier 2005; Wilmott 2016 ).
GEOGRAPH IC KNOWLEDGE AS ACQUI RED WITH MOBI LE DEVICES
In contrast to these contextual studies, a growing number of researchers are attempting to assess the impact of consumer-grade geographic mobile technologies on geographic knowledge acquisition. Tests measure research participants' directional error, travel time, time stopped between moves, subsequent memory of places and landmarks, and the accuracy of their survey knowledge on sketch maps. Most of the studies that compare mobile device navigation with navigation supported by other methods, such as paper maps, indicate some kind of lesser performance by mobile users. Ishikawa et al. (2008) found that research participants using a GPS-enabled mobile map on a phone travelled slower, made larger directional errors, drew sketch maps with poorer topological accuracy, and finally, rated navigation as harder, than those using a traditional paper map. Other studies have found similar results (Münzer, Zimmer, and Baus 2012; Waters and Winter 2011) , including with augmented reality hardware (Huang, Schmidt, and Gartner 2012) .
Two factors may explain the disappointing results of mobile device maps within the frame of successful geographic knowledge acquisition. First, some mobile device studies were performed while mobile maps were quite new (Münzer et al. 2006; Ishikawa et al. 2008) . The maps and user interfaces lacked touchscreens and were neither intuitive nor easy to work. Furthermore, research participants may not have had experience with using maps on such devices. In fact, a later study showed some improvement in participants' travel speed and time spent stopped, possibly owing to users' increased familiarity with mobile maps (Field, O'Brien, and Beale 2011) . Users' professed confidence in navigating with mobile devices (Wang, Park, and Fesenmaier 2012; Ricker, Schuurman, and Kessler 2015) may indicate that user-interaction designs are improving.
A second factor has less to do with the specific design of mobile maps than the form of attention that they require of the user versus a paper map. Wayfinding research has long illustrated that passive navigation practices make for poor geographic knowledge acquisition, facilitating simplified forms of geographic knowledge that are often focused on landmarks rather than a mixture of landmarks and other more complex features and connections (Held and Hein 1963; Parush, Ahuvia-Pick, and Erev 2007; Willis et al. 2009 ). In this way, mobile maps discourage users from thinking and learning about the area around them. As Willis, Hoelscher, Wilbertz, and Li argue: "A mobile map with automated position information (i.e., self-localization) essentially enables and possibly even encourages someone using it to stop active engagement and to become the passive receiver of information. . ." (2009, 108) . Within that passive practice, what geographic knowledge mobile device users do retain tends to be based on landmarks. For example, in Münzer, Zimmer, Schwalm, Baus, and Aslan's (2006) study, research participants were asked to navigate between two points in an unfamiliar zoo using a paper map or a mobile device. Researchers tested participants' acquisition of spatial knowledge in terms of route knowledge, defined as a series of visual landmarks and impressions from a person's egocentric perspective, and/ or as survey knowledge of the zoo's layout, a "map-like representation from an allocentric perspective" (Münzer et al. 2006, 301) . After navigating the zoo, mobile device users scored markedly better at landmark-based route knowledge than survey knowledge, while paper map users scored substantially better than device users in both categories. Willis, Hoelscher, Wilbertz, and Li describe similar findings, concluding that "mobile map users acquire a more fragmented and regionalized knowledge representation based on strong connections between locally clustered landmarks along the route" (2009, 100) . This tendency may be exacerbated by the ways that map readers tend to ignore task-relevant information in what they perceive on maps unless it is visually salient (Fabrikant, Hespanha, and Hegarty 2010) . Mobile map use does not encourage users to develop complex schematic or configurational networked understandings of an area. Instead, landmarks are vitally important to mobile map users, even in device-assisted passive use.
Within wayfinding scholarship, landmarks are traditionally understood as external objects that are "easily identifiable" as a "point reference" (Lynch 1960, 78) . Thus, an important question for wayfinding research is: what makes a geographic feature relevant and prominent enough to serve as a landmark? To answer that question, researchers have attempted to develop a comprehensive theory of what makes a feature sufficiently "salient" to be a landmark. Sorrows and Hirtle (1999) and Raubal and Winter (2002) propose a combination of visual novelty, cognitive meaning or cultural and historical importance, and spatio-structural centrality or connectedness. However, these proposals give relatively little attention to how or why a landmark accrues or loses cultural meaning, and therein salience, over time through its social and economic context. For example, Raubal and Winter categorized cultural 1. These studies were based on users' accounts, not observation of their practice. and historical importance by scoring standardized formal qualities of aesthetic novelty. Others forgo such considerations entirely by focusing on wayfinding and geographic knowledge acquisition in decontextualized, purpose-built virtual environments (Bartie et al. 2015; Basiri et al. 2016; Hamburger and Roeser 2014) . These approaches presume a static, always already existing form of landmark salience. Without accounting for the cultural production of landmarks and how their meaning changes over time, it runs the risk of overlooking landmarks that social and economic processes make meaningful, but that appear banal.
As Montello and Freundschuh (2005) , Kitchin (1994) , Brown and Laurier (2005) , and Wilmott (2016) demonstrate, research on maps and their use can take many forms. Both cultural and cognitive geography research show the many potential forms of situated or contextually dependent, constructed geographic knowledges. However, most research thus far on how people use geographic services on mobile devices uses the conceptually limited framework of spatial knowledge acquisition: a universal, external set of generic geographic characteristics or features waiting to be imperfectly acquired and applied by research subjects. While findings on the limitations of navigating with the assistance of mobile devices and the importance of landmarks for wayfinding and navigation are valuable, these analyses categorically set aside many contextual considerations, overlooking how situated processes shape geographic knowledges. They do not consider who made the mobile map and why, and few consider what research subjects think of using the map.
Studies that focus on users' accounts offer additional considerations. When asked, mobile device users report increased confidence when navigating, meaning they may be more navigationally adventurous, at least in the right context (Wang, Park, and Fesenmaier 2012; Ricker, Shuurman, and Kessler 2015) .
1 Using qualitative approaches, Speake (2014) and Axon, Speake, and Crawford (2012) demonstrate a strong preference among young people for mobile maps over paper maps and multiple accounts of feeling reassured by smartphone navigation and anxiety at the prospect of losing it. Their participants also saw the financial cost of devices as a significant downside to digital navigational tools. Speake (2014) and Axon, Speake, and Crawford's (2012) findings about costs are singular in that they reference economic circumstances. The uneven nature of economic costs and related user concerns, as well as the business imperatives of the companies that offer mobile maps and smartphones, are factored out of assessments of landmark salience and spatial knowledge acquisition with mobile devices. Yet contextual social influences, such as the design and branding of mobile devices and maps, are significant in shaping users' feelings towards and practices with them. Approaching geographic knowledges as produced by subjects situated within social processes allows for consideration of these socially contingent factors. The subjects who produce their geographic knowledges with mobile maps do so from multiple situated, embodied standpoints across a broad, uneven constellation of races, ethnicities, classes, languages, and gender identities (Wilmott 2016; Graham 2015; Taylor 2015; Stephens 2013) .
One shared aspect across these contexts is the role of the mobile map service provider. Technologies are designed to fulfill social purposes, not just for the end-user, but also the company offering the hardware or service. Users have some flexibility in what they do with a technology, or a map, but their actions are delimited by the built-in material structure created by the designer (Feenberg 1999; Thatcher 2017 ). Developers at Google and Apple design consumer-grade mobile map services and the map algorithms that prioritize which geographic features to symbolize (Graham 2005; Zook and Graham 2007a) . Market forces drive the current development of geospatial technologies and media, including mobile maps (Dalton 2015; Thatcher, O'Sullivan, and Mahmoudi 2016; Alvarez León and Gleason 2017) . As a result, there are stark differences around the globe and within many countries in the service provision of mobile maps and the extent of geographic data available (Taylor 2015; Graham 2015) . Access to data describing an area is not guaranteed to produce a social good; navigational technologies can use data about an area in ways that are not positive for its inhabitants. For example, a technology patented by Microsoft attempted to utilize local data to route travelers around undesirable neighborhoods, reinforcing such areas' "ghettoized" status (Thatcher 2013 ).
The political economy of geographic data is an inescapable part of current mobile maps and associated user practices. The ultimate purpose of Google Maps is to advance Google's business strategy: providing a free-to-use service that fosters more and more web (and map) usage flowing through Google's servers, which in turn provides more user data that facilitates targeted advertising (Battelle 2005; Gundotra 2008; Hillis, Petit, and Jarrett 2012) . Businesses are ideal points of interest to include on mobile maps because they are typically associated with a discrete street address, generally need to advertise (Dalton 2013 (Swift 2011) . Consequently, Google offers maps that are materially designed to facilitate advertising, with geographic features that are practical and that also suit that focus. Zook and Graham (2007a; 2007b) have illustrated how companies shape the algorithmic selection of features on digital maps, particularly in search results. At an extreme, reliance upon this type of search-based navigation has been proposed as a type of "teleological navigation," wherein users only move through-and therefore come to know-environments in terms of end-point considerations for a particular trip (Sutko and de Souza e Silva 2011, 816).
Given the complex interplay between map designer, mobile interface, and the map user, understanding the role of economic processes in geographic knowledges that involve mobile devices requires us to consider the social contexts in which these maps are designed and used. As the scholarship on these technologies makes clear, these devices, services, and maps are designed by private companies to advance their business plan. Thus we cannot consider mobile map use in isolation from consumption. Businesses frequently show up on the map even when they are not the focus of the search. In the following sections, we analyze how users employed mobile maps to identify a location on the map in focus groups, revealing a strong reliance on a business point of interest-a particular Starbucks location-on the map. That branded point of interest serves as a landmark point of reference, perhaps because it is far more prominent on the map than it is on ground.
R E S E A R C H Q U E S T I O N A N D M E T H O D S
The popularity of mobile maps means it is important to consider how they impact their users' understandings of the geography around them. Research to date identifies serious drawbacks and complications to their use in terms of geographic knowledge acquisition, so it is important to focus on additional considerations: are technologically mediated social and economic processes also shaping users' production of geographic knowledges as they attempt to understand and communicate about geography, and in particular about landmarks?
To begin to answer this question, principal investigator Craig Dalton and a research assistant, Karen Wilwol, utilized a series of focus groups. The primary and original research aim of the focus groups involved users' conceptions of cartographic scale; the themes engaged here only emerged as we began to evaluate the data. Focus groups are used in both cartographic design/usability (Monmonier and Gluck 1994) and wayfinding (Axon, Speake, and Crawford 2012) research to explore and engage users' attitudes, understandings, and behaviors in larger numbers than individual interviews allow. The method allows direct questions (with follow-ups) that can be qualitative and open-ended, focusing on how and why. Furthermore, participants are not "on the spot" for the entire session, reducing pressure and possible intimidation and allowing researchers to observe how participants use maps on their phones and interact with each other when doing so. When conducting focus groups, it is vital to make sure that no single participant, or subset of participants-especially men-dominates the conversation. In this case, we took special care to make sure everyone had the opportunity to participate, repeating questions and sometimes posing them directly to each participant to ensure that all could respond if they chose (though it was not required). The focus groups themselves were video-recorded in a conference room and each lasted approximately one hour. Research participants were recruited from general education courses in the Department of Environmental, Geographical, and Geological Sciences at Bloomsburg University of Pennsylvania. They were required to own and bring a mobile device with at least one mobile map application. A total of 62 students participated, a number that is comparable to similar research studies (Axon, Speake, and Crawford 2012, n=46; Willis et al. 2009, n=24; Ishikawa et al. 2008, n=66; Münzer et al. 2006 n=64) . Of the participants, 43 were women and 19 were men, and all were undergraduate college students in their late teens and early twenties. Each was given a $10 bookstore gift card for their participation. The thirteen focus groups ranged in size from three to six participants.
Most studies of the geographic use of mobile devices utilize a standardized device and map in an unfamiliar area to assess how participants learn and retain geographic knowledges using different media or design variables. In contrast, participants in our study used their own phone and a mobile map of their choice, to better reflect their actual everyday behavior. Most participants (81%) used iPhones and nearly all the rest had Android phones. All participants stated that they used either the Google Maps or Apple Maps applications, though we observed some participants mistaking the default (Apple) Maps application on their iPhone for Google Maps.
Each focus group involved general questions about participants' geographic use of mobile devices, two scale-related cartographic tasks accomplished with their phone, and questions about their actions with the phones and the results of the tasks. In the task relevant to the research we report here, we asked participants to locate the Bloomsburg University library in their preferred mobile map on their own smartphone. We observed their actions and how they engaged each other, and asked questions such as "How did you go about trying to locate the library?" and "If you located it, what makes you think you found the right place?" Focus group participants frequently talked in unprompted ways to one another about their phones, the map, and previous experiences as they performed the task, as they would in actual everyday practice. These conversations were recorded and included in the transcript of each focus group. Most Bloomsburg students already have a well-informed understanding of the campus and know where the library is located. The purpose was to better understand how they used their local experience to approach mobile maps on their own in an easy, low-pressure environment before proceeding to a more complex, scale-oriented task focused on preparing to navigate to an unfamiliar location.
Once we completed the focus groups, we transcribed them and coded the responses by task and topical theme. Given Münzer, Zimmer, Schwalm, Baus, and Aslan (2006) and Willis, Hoelscher, Wilbertz, and Li's (2009) findings, we also coded responses in terms of mentions and discussions of landmarks, sub-coded by which landmark, mentions of routes, and expressions of survey knowledge such as recognizing campus by the shape of the road network. Coding categories were not mutually exclusive. We also qualitatively engaged common themes expressed in the participants' accounts to understand their perspectives and what led them to say and do what they did.
R E S U L T S
Despite their familiarity with campus, the vast majority of participants used a search function to find the library, either within the mobile map application or by searching the web and then copying and pasting the name and/or address into the mobile map. A few started with their phone's GPS-derived current location and panned and zoomed over to the library.
When we asked participants what made them think that they had located the library correctly, 48 of the 62 (74%), including at least one person in each of the 13 focus groups, referred to landmarks of some kind, most often buildings or parts of buildings, some of which were auto-labeled. Thirty-five (56%), including at least one person in every focus group, provided information that indicated they possessed survey knowledge of the area, such as the organization of campus, or the structure of nearby streets. Thirty (48%) mentioned both landmarks and spatial configuration, including 86% of those who mentioned the spatial configuration. These results are somewhat consistent with Willis et al.'s (2009) conclusions that mobile device users have a tendency to understand space in terms of landmarks. While research participants were already familiar with the area (unlike in many similar studies), almost half did not mention spatial configurational knowledge. The most commonly referenced landmark was, unsurprisingly, the library, which was named in the task directions and questions.
Interestingly, the underlying social context of mobile mapping is apparent in the other landmarks participants referred to. By far the most commonly identified landmark, other than the library, was Starbucks, which has a franchise in a corner of the university library amidst multiple other notable features. Fifteen (24%) of the participants, in 9 of the 13 focus groups, referred to Starbucks, more than all the references to other landmarks on campus together other than the library itself. Other mentioned landmarks included other buildings and parking lots, though none were referred to frequently. Instead of using it as confirmation, one participant entered "Starbucks" directly as the search query.
I searched for Starbucks because I knew that would probably come up faster than the specific library.
In several cases, Starbucks was such a strong point of reference that participants misidentified the library's location because they located the other Starbucks franchise on campus and assumed it was the library. That second Starbucks is on the other end of campus, near where Apple's Maps app pinpoints the university's campus-wide street address.
At least two participants, possibly more, caught that error.
Well now I'm confused because I thought it was bringing me to the [library] . I had the Starbucks icon pop up as well, and I thought it was the Starbucks in the library, but then I saw the hospital now, so it's totally not.
The pin is on the Starbucks that I think may be in the Commons? Because I know that the library is more up here. (indicates where by pointing to phone). Not down here. . . I know that the Bloomsburg Hospital is on lower campus, lower on the campus, and the library is up more.
Researchers also observed two other participants who didn't catch the error, and there may have been more; exact numbers are difficult to determine because participants may not have admitted or even known they had the wrong location, at least initially. While there did not appear to be many cases of misidentified Starbucks locations, it is noteworthy that such a problem is even possible and was common enough to appear repeatedly across multiple focus groups in a study of this size.
STARBUCKS' SALI EN CE
Of all the non-library features on Bloomsburg University's campus, Starbucks appeared most often as a conceptually salient landmark for students using mobile maps. While this study used a location-finding task, not a wayfinding task, it does align with the findings of Münzer et al. (2006) and Willis et al. (2009) on the significance of landmarks for mobile map users. Given the prominence of the Starbucks point of interest on the maps, this is also consistent with Fabrikant, Hespanha, and Hegarty's (2010) findings that, when presented with salient map features, map readers may ignore less conceptually salient, but still task-relevant information such as the spatial configuration of streets or building footprint outlines.
Employing an open-ended, situated approach focused on knowledge production allows us to highlight a new consideration: the potential impact of contextual social processes in making some features more conceptually salient than others. Many study participants used Starbucks as visual confirmation and one even specifically searched for it to locate the library. Furthermore, a large majority of research participants used a search function to locate the library, as opposed to panning and zooming. This indicates a reliance on the search function even when it is neither strictly necessary nor efficient. It also stands in contrast to the panning and zooming vision described by Kingsbury and Jones (2009) for Google Earth. In that formulation of Google Earth, the ability to move around the digital map virtually offers a playful, Dionysian contestation of the top-down, hegemonic vision implied by global mapping. Here, despite having this ability, users engaged with digital maps as banal tools for accomplishing a specific (prompted) task. Relying on search reinforces the power of algorithmic place-ranking (Zook and Graham 2007a) and technologically focuses on point-locations. This point-oriented geographic practice fits with and facilitates the landmark-orientation of participants' geographic knowledges, bypassing the surrounding spatial configurations that may be seen through panning and zooming across the map.
It is clear why Starbucks is conceptually salient for participants. It is a well-known entity on campus and a common meeting place, identifiable to and frequently visited by many in the community. However, Starbucks is not alone in these qualities. Several other sites, including other food franchises, the student services center, dining halls, and the student union also enjoy that status. There are even several comparable geographic features or meeting places next to or within the library, including the library lobby/ lounge, outdoor benches and tables, sculptures, a fountain, and the campus quad. What was different about Starbucks in this context was its prominence as a point of interest on both the Google Maps and Apple Maps mobile applications. At the time of this research, Starbucks was the only point of interest to consistently appear on the Google Maps application with both an icon and a label at the auto-zoom level of search results for "Bloomsburg University" and the library, aside from a placemark for the search results themselves (see Figure 1 ). Both the coffee icon and the Starbucks label also appeared when participants panned and zoomed to see the entirety of BU's lower campus.
Other business and university landmarks appeared when users zoomed in further. Similarly, in the Apple Maps search results and panning/zooming, the other Starbucks franchise on the opposite end of lower campus (the location mistaken for the library by some participants) was the only location with a label and an icon, aside from a point of interest for the university as a whole. Zooming in on Apple Maps revealed only a redundant generic Bloomsburg University icon and additional businesses near campus. These features appeared across multiple research participants' devices, indicating a general design that was not presenting individually tailored points of interest, which both Google and Apple provide to users at times. Alternatively, Google and Apple may have been tailoring their maps to all focus group participants in the same way possibly because they were connecting via the university's network or companies identified them all as associated with Bloomsburg University.
P O I N T S O F I N T E R E S T A S L A N D M A R K S
Research participants' use of Starbucks as a landmark point of reference cannot be entirely explained by traditional theorizations of landmark salience such as visual novelty, cultural or historical novelty, formal aesthetic quality, or geographic connectedness (Sorrows and Hirtle 1999; Raubal and Winter 2002) . This Starbucks franchise is not visually notable in the landscape, lacking even exterior signage. Neither is it historically noteworthy nor culturally unique. Its location is on the back end of campus, near but not on several major campus paths. It is a frequent meeting place on campus, imparting it some cultural importance in the campus community, but it is only one of several such places, even in that immediate vicinity.
Starbucks' salience does fit neatly with the prominence of business-type features in web maps (Zook and Graham 2007a; 2007b; Dalton 2013) . Due to the size of worldwide mobile map datasets, points of interest are selected for display through automated, algorithmic processes. Multiple studies have reported on the development of such processes, though without business-oriented considerations in the algorithms' design. Strategies include systematic rating of photographs for semantic characteristics; crowd-sourced volunteered geographic information; and scraped social media data, such as geolocated tweets and Foursquare check-ins (Binksi, Zhang, and Dalyot 2016; Quesnot and Roche 2015; Zhu and Karimi 2015) . The extent to which Google or Apple employ similar methods is harder to know. These companies keep their algorithms for choosing points of interest as trade secrets, akin to the code that prioritizes search results. What outside researchers can know is, first, what companies say about how they design map services to serve their business strategies, and, second, the outputs that those map services provide.
A GEOGRAPH IC BUSI N ESS STRATEGY
As private companies, corporations like Google and Apple are driven to design technologies-including maps and geographic algorithms-that advance each company's business strategy, though that process is not as simple as prioritizing businesses that pay for ads. Instead, it reflects a broader strategy of collecting geographic data cheaply from a variety of sources and emphasizing features that potentially provide economic value. Google, for example, makes the lion's share of its revenue by collecting data from users and using that data to target advertisements to them. Google's and Apple's capital imperatives drive the collection of cheap, publicly available geographic datasets and the design of algorithms that pull information from those datasets. Crucially, however, showing businesses that might advertise with Google is only one part of Google's comprehensive business strategy. Broadly speaking, Google attempts to make as much information as possible searchable and usable online, including geographic data. Increasing the total amount of usable online information increases the amount of data that is commercially valuable for their targeted advertising business, as well as increasing the use-value of Google (or Apple) services for users (Battelle 2005; Gundotra 2008; Hillis, Petit, and Jarrett 2012) . More useful data make for more successful uses of the company's services, providing consumers a good reason to use same services again and again, becoming a technological ritual practiced many times a day. At least some of these uses are commercially relevant, even if the initial use was not (Hillis, Petit, and Jarrett 2012) . Moreover, on a technical level, businesses are easy, and therefore cheap, points of interest to include in map datasets, for they must have registered, point-based street addresses. Culturally significant locations, such as monuments or nature preserves, may not.
Given this general strategy, even if the Starbucks location on campus doesn't buy ad space, the map application as a whole is structured around data that bear street addresses, such as businesses and residences. Much like Google's internet search results and their associated ads, the map application and the points of interest it presents are structured around regular, everyday use and the presumption that at least some of those uses can be monetized with advertising, even if the search location hasn't been connected to an ad thus far.
MAP SERVI CE O UTPUTS
While the specific mechanisms by which Google's and Apple's business strategies are implemented in code are secret, we can examine the outputs of those processes on public-facing map services in the form of search results, points of interest, and the maps themselves. Existing research demonstrates the centrality of businesses to Google Maps, particularly in the context of ranking algorithms, de facto urban racial segregation, third-party software developers, and geodemographic targeting (Zook and Graham 2007a; Crutcher and Zook 2009; Dalton 2015; Thatcher 2017 ).
This emphasis on businesses is also apparent in the points of interest symbolized and labeled on the maps of Bloomsburg University. At the time of research (early 2015), Starbucks was the most prominently marked point of interest on the Google Maps mobile app, but a user could also zoom in to see a label and icon for the Steak 'n Shake franchise, two snack bars serviced by Aramark, the library, the bookstore, the campus police office, two stadiums, a point of interest for the university as a whole, a mislocated Western Union franchise, and the private hospital next door. Apple Maps shows fewer points of interest, but in a similar vein. From the standpoint of someone finding their way around campus, there are hundreds of potential landmarks including dining halls, the student center, dorms, academic buildings, administrative buildings, the university's performing arts center, unique architectural features, monuments, sculptures, fountains, picnic areas, emergency phones, and-most significantly-the campus quad.
Another map-based mobile application, Pokémon Go, provides a useful counterpoint to what kinds of features can appear as points of interest on a mobile map. Unlike Google or Apple Maps, Pokémon Go is a location/mapbased game, which includes in-game features, "Pokéstops," at noteworthy, real-world locations. Initially, those locations were derived from databases of culturally significant sites and crowdsourcing. Locations tended to be post offices, monuments, churches, unusual architectural features, and even graffiti art. Unlike Google Maps, the game is not designed to facilitate finding and navigating to businesses. Relatively few businesses appear in the game and those that do are often well known and locally owned. At Bloomsburg University, this differing set of priorities is immediately apparent in the game, as most Pokéstops on campus are public art pieces. As of July 2016, almost none of the important sites in Pokémon Go appeared as discrete points of interest in Google Maps or Apple Maps. More recently, however, the game has begun to include "sponsored" location features, including Sprint Mobile stores and Starbucks (Perez 2016 ).
After we conducted our focus groups, Google announced that it would begin putting "promoted places" advertisements on its mobile device maps, including brand logos for Walgreens and Starbucks (Marvin 2016) . Other, smaller geographic technology companies that provide business reviews and ratings, such as Foursquare and Yelp!, have long employed such cartographic advertising strategies. Similarly, location-based ads are common in non-cartographic applications including other Google services, Facebook, Snapchat, Lyft and many other mobile device applications, because location is thought to be a very strong predictor of a user's consumer preferences (Swift 2011) . Until recently, ads within the map view itself were uncommon in general-purpose web maps from Google and Apple. In practice, these changes mean that advertisements will appear in Google Maps at the location of that business, even if they are irrelevant to the user's search terms. For example, if someone were to search for "Bloomsburg Park," the Starbucks logo and/or name would still appear on the map.
In addition to placing ads directly on maps, in 2018 Google began to test incorporating points of interest as points of reference in its turn-by-turn directions. Such landmarks appear both as waypoints along a route and turning points in both the written and audio directions in the United States. If someone were following Google Maps' turn-by-turn directions, the map application might say "turn right at the McDonald's" instead of "in a quarter-mile, turn right." Of those points of interest that we observed or that have been reported as being used as landmarks in turn-by-turn directions, all have been chain businesses, including: Bank of America, AutoZone, Pet Valu, Rite Aid, Liberty Tax Service, Dollar General, Sleep Inn & Suites, Chipotle, McDonald's, Pizza Hut, and, inevitably, Starbucks (Ihnat 2018; Dickey 2018) .
Through map services designed to serve Google's and Apple's business plans, the Starbucks in the Bloomsburg University library became a cartographically prominent point of interest. For many research participants, that prominent point of interest served as a landmark, connecting the map to their experience, confirming their understanding of the area and allowing them to find the library. As points of interest become used as landmarks, they may shape users' ways of seeing, producing geographic knowledges that are functional, but that are also shaped by the business plans behind the maps they use. Starbucks may have been a noteworthy place for students before they looked at the map. Once they use the map, however, it becomes a landmark point of reference with which to connect their experience, particularly due to the limited number of other features that appear. Participants' geographic knowledges "are not stable entities, but are dynamic: constantly changing and evolving" (Kitchin 1994, 6; Webber, Symanski, and Root 1976) . Research participants' use of and repeated spoken references to Starbucks both indicate that their knowledges are being (re)produced in the map's terms, in part reflecting the business priorities of the mapmaker.
C O N C L U S I O N S
It is safe to assume that branded businesses have long served as landmarks in both locating places and wayfinding practice. The role of such locations as landmarks on mobile maps constitutes something deeper. Starbucks appears alone on the map, which has the effect of reifying and strengthening Starbucks-branded locations as landmarks. Given the hundreds of millions of mobile map users, these sorts of landmarks and the social conditions that created them are now part of the production of everyday geographic knowledges.
Social context matters in analyses of map use and geographic knowledge. Political economic processes are influential, defining the purpose for most mobile maps and leading developers to design maps that function in some ways and not others, that prioritize certain kinds of features at the expense of others. Down the line, that purposeful design limits a user's point-of-reference options when reading the map. In this case, the business imperative underlying the design of the Google Maps and Apple Maps applications prioritizes business points of interest. In practice, as users connect their personal experience with the map, potential landmarks are thus likely to be businesses, shaping how their geographic knowledges are produced and, potentially, their actions.
Cognitive and cultural geographic approaches that conceptualize geographic knowledges as contextual have a great deal to offer research on mobile device use. Without approaching mobile map users and their knowledges as situated amidst powerful, ongoing social processes, we would have overlooked the role of companies in shaping the design of mobile maps and not seen the importance of Starbucks as a landmark among research participants. Taking a situated approach to understanding the geographic uses of mobile devices offers new insights and opens navigational questions as a productive field for data scholarship.
On a societal level, it seems likely that the prevalence of businesses as landmarks will become more common. Mobile phones and maps are already key data sources in smart city projects (Kitchin 2014) , which poses questions about privacy and the commodification not only of data, but also people's individual movements. As Google's preliminary use of point of interest landmarks makes clear, companies are increasingly focused on providing turn-byturn directions based on landmarks (Duckham, Winter, and Robinson 2010; Ihnat 2018; Dickey 2018) . The next logical step is placing location-based ads within directions. Much like ads on the map, businesses could pay to place an advertisement within your directions whenever you happen to be driving by a franchise.
Given the focus of mobile map users on landmarks, these directions might facilitate more effective wayfinding. Nevertheless, such a system would also facilitate advertising branding strategies that bank on repeated encounters with a name or logo, even if there were no explicit sales pitch. It could also cause navigational problems when a business closes, disappearing from the landscape but persisting in the turn-by-turn directions. Finally, it raises issues involving the uneven nature of markets and subsequent mapping. Would such maps favor chain businesses over local shops (Zook and Graham 2007a )? Will such geographic knowledges perpetuate the digital divide in poorer neighborhoods and poorer countries? Areas with less data and fewer businesses might be harder to navigate. Some might be avoided altogether as in Microsoft's notorious "avoid the ghetto" application (Thatcher 2013) . Whatever the outcomes, analyzing the production of geographic knowledges through mobile technologies will be important to knowing how we see and understand the world around us.
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